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Ethnopharmacological relevance: Pyrostegia venusta is used in traditional Brazilian medicine as a general
tonic to treat any inﬂammatory disease. Several studies have demonstrated that medicinal plants
constitute a therapeutic approach for the treatment of obesity-related metabolic and inﬂammatory
disarrangement. Accordingly, we investigated the effects of hydroethanolic extract of Pyrostegia venusta
ﬂowers (PvHE) supplementation for the treatment of inﬂammatory and metabolic dysfunction induced
by high-reﬁned-carbohydrate (HC) diet.
Material and methods: The BALB/c mice were fed chow or HC diet for 8 weeks. Part of these animals was
fed with HC diet supplemented with PvHE on the 9th week until the 12th week. At the end of the dietary
intervention, animals were sacriﬁced.
Results: We observed that PvHE decreased adiposity and adipocyte area; improved glucose intolerance;
reduced serum triacylglycerol levels and systemic inﬂammatory cells; and also reduced some inﬂam-
matory mediators levels in adipose tissue and liver.
Conclusion: The results showed that PvHE has beneﬁcial effects and may treat inﬂammatory and metabolic
dysfunction induced by HC diet, that are associated to a negative modulation of the inﬂammatory process
at systemic and local levels.
& 2013 Published by Elsevier Ireland Ltd.
1. Introduction
The prevalence of obesity is increasing worldwide. More than
1.4 billion adults were overweight in 2008 (WHO, 2013). There are
multiple obesity-associated health problems including type-2
diabetes, hypertension and others cardiovascular diseases. Obesity
can be considered a chronic inﬂammatory state, characterized by
the production of pro-inﬂammatory cytokines, which can cause
insulin resistance in adipose tissue, skeletal muscle and liver, by
inhibiting insulin signal transduction (de Luca and Olefsky, 2008;
Schuster, 2010).
The pro-inﬂammatory milieu in adipose tissue induced by
reﬁned carbohydrate rich-diet or high-fat diet has been involved
in the development of insulin resistance and comorbidities asso-
ciated with obesity (Oliveira et al., 2013; Ferreira et al., 2011;
Engstrom et al., 2010). Therefore, an appropriate dietary interven-
tion is an important tool to treat the inﬂammatory and metabolic
disarrangement induced by obesity and, consequently, alleviate
nutrition related disorders (Sears, 2009; Islam et al., 2011;
Neyrinck et al., 2013). In this regard, phytochemicals identiﬁed
from medicinal plants that demonstrate antiobesity and lipid
lowering activities can be useful to the development of newer
therapies for the treatment of obesity and other metabolic
diseases (Birari et al., 2010). Previous studies have shown that
plant extracts rich in polyphenols improve obesity-related meta-
bolic and inﬂammatory disarrangement induced by diet in experi-
mental obese animals (Leray et al., 2011; Kitano-Okada et al.,
2012).
Several plant species from the Cerrado biome in Brazil are
popularly used in traditional medicine due to their analgesic, anti-
acid, anti-microbial, anti-inﬂammatory, anti-tumoral and antidiabetic
properties, among others (Napolitano et al., 2005; Oliveira et al., 2008).
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Pyrostegia venusta (Ker Gawl.) Miers, Bignoniaceae, is a neotropical
evergreen vine, popularly known as “cipó-de-são-joão” (Veloso et al.,
2010; Roy et al., 2011). The ﬂowers, leaves, stems and roots of this
plant are used in Brazilian traditional medicine to treat diarrhea,
coughs, colds, ﬂu, bronchitis and vitiligo, besides presenting tonic
property (Ferreira et al., 2000). Our research group demonstrated that
the hydroethanolic extract of Pyrostegia venusta ﬂowers (PvHE)
attenuated the depressive-like and exploratory behaviors induced by
lipopolysaccharide (LPS) in mice (Veloso et al., 2010) and showed anti-
inﬂammatory and analgesic effects in models of carrageenan-induced
paw edema, peritonitis induced by LPS, acetic acid-induced writhing
and formalin-induced paw-licking in mice. These effects have been
attributed to the presence of phenols and ﬂavonoids in the extract
(Veloso et al., 2012). Therefore, our objective was to investigate the
effects of PvHE supplementation on the treatment of inﬂammatory
and metabolic dysfunction induced by high-reﬁned carbohydrate diet.
2. Material and methods
2.1. Plant material
Pyrostegia venusta (Ker Gawl.) Miers, Bignoniaceae, was collected
in June 2009, in the town of Alfenas, Minas Gerais State, Brazil The
plant was identiﬁed by Dr. G. Alves-da-Silva, from the Department
of Pharmacy at the Federal University of Alfenas, and a voucher
specimen (699) deposited at the Herbarium of the Federal Uni-
versity of Alfenas.
2.1.1. Obtaining the extract
The ﬂowers were dried in an oven at 40 1C during 48 h and
after that they were powdered. It was then macerated in 1 L of 50%
hydroalcoholic solution at room temperature for 48 h, this proce-
dure was repeated twice. PvHE was concentrated on a rotary
evaporator and then dried with a spray dryer (Büchi Mini Spray
Dryer B-290). The mass obtained (dry powder) was 100 g. The
yield of the PvHE was 6.0%.
2.2. Animal, diet and tissue collection
Male BALB/c mice at 5–7 weeks of age were obtained from the
Bioterism Center of Federal University of Minas Gerais (CEBIO-
UFMG) and kept in an environmentally-controlled room under
a 12 h light–dark cycle with free access to food and tap water. The
experimental protocol was approved by the “Ethics Committee in
Animal Experimentation at the Federal University of Minas Gerais”
(protocol 115/2012).
To analyze the metabolic and inﬂammatory changes induced by
obesity, the animals were divided initially into two groups:
(i) control group, animals fed with standard laboratory chow
(NUVILAB); and (ii) HC diet group, animals fed with high-
reﬁned-carbohydrate diet. The mice were submitted to oral
glucose tolerance test (OGTT) at the end of the 8th week of the
dietary intervention. On the 9th week the HC diet group was
randomly divided, part of the animals continued to receive only
HC diet and the other one started to be fed with HC diet
supplemented with 300 mg/kg BW/day of hydroethanolic extract
of P. venusta, thereby, a third group was created (HCþPvHE). All
groups were resubmitted to a glycemic tests in the beginning
of the 12th week. The animals were sacriﬁced at the end of the
12th week. The HC diet was composed of 45% condensed
milk, 45% standard laboratory chow and 10% reﬁned sugar. The
macronutrient composition of the standard laboratory chow
(16.7 kJ/g¼4.0 kcal/g) was 65.8% carbohydrate, 31.1% protein
and 3.1% fat; of the HC diet (18.4 kJ/g¼4.4 kcal/g) was 74.2%
carbohydrate, 20% protein and 5.8% fat. The HC diet contains
approximately 30% reﬁned sugars, mostly sucrose. The PvHE was
added to the HC diet by diluting it in a minimum amount of water
and mixed to the powder of standard laboratory chow. The chosen
dose of the extract (300 mg/kg) was based on results obtained by
our research group through the dose–effect relationship (Veloso
et al., 2010, 2012).
Mice were weighed once a week and food intake was measured
twice a week for 12 weeks. At the end of the dietary intervention,
animals were anesthetized with Ketamine (130 mg/kg) and Xyla-
zine (0.3 mg/kg) and sacriﬁced. Samples of epididymal, mesenteric
and retroperitoneal white adipose tissue were collected and
weighed. The adiposity index was calculated, in percentage, as
the fat mass sum of epididymal, mesenteric and retroperitoneal
adipose tissue divided by body weight. After weighing, part of
epididymal adipose tissue of each animal was stored in 70%
ethanol or at 80 1C for further analysis. Serum and liver samples
were also collected and stored at 80 1C.
2.3. Oral glucose tolerance
For OGTT, the animals, after an overnight fast, received D-glucose
(2 g/kg) per gavage, and glucose levels were monitored from tail
blood samples at 0, 15, 30, 60 and 120 min using an Accu-Check
glucometer (Roche Diagnostics, Indianapolis, IN).
2.4. Cytokines extraction and measurement
Fragments of the epididymal adipose tissue and liver (100 mg
each) were macerated in a homogenizer in the presence of 1 mL of
protease inhibitor solution (0.4 M NaCl, 0.05% Tween 20, 0.5%
bovine serum albumin, 0.1 mM ﬂuoride fenilmetilsufonila, 0.1 mM
benzethonium chloride, 10 mM EDTA, 20 IU of aprotinin) diluted
in 1 L solution of phosphate buffer (8 g NaCl, 0.2 g KCl and 2.89 g
Na2HPO4 12H2O diluted in 1 L of distilled water). The resulting
homogenate was centrifuged for 10 min at 10,000 rpm at 4 1C and
the infranatant was collected for cytokine evaluation, which was
performed through ELISA kits according to the instructions pro-
vided by the manufacturer (R&D System, Inc., Minneapolis, USA).
The assayed cytokines were tumor necrosis factor-alfa (TNF-α),
interleukin 6 (IL-6), interleukin 4 (IL-4), interleukin 10 (IL-10) and
interleukin 13 (IL-13).
2.5. Determination of serum parameters
Fasting blood glucose, total cholesterol and triacylglycerol
(TAG) levels were assayed using enzymatic kits (KATAL, Belo
Horizonte, MG, Brazil). The fasting serum levels of insulin, adipo-
nectin and resistin were determined by ELISA (R&D systems,
Europe Ltd., Abington, UK). From these values of fasting serum
insulin and glycemia, the homeostatic model assessment-insulin
resistance (HOMA-IR) was calculated as follows: HOMA-IR¼ fast-
ing glucose level (mmol/L) fasting insulin level (μU/mL)C22.5.
2.5.1. Total and differential blood cell counts
Venous blood was collected from the tail of mice and total
white blood cells counted using a Neubauer chamber. Peripheral
blood smears were stained with May-Grünwald–Giemsa and
differential white blood cell count determined under oil immer-
sion (1000) using standard morphologic criteria.
2.6. Histology
Samples from epididymal adipose tissue were ﬁxed, at room
temperature, in phosphate-buffered formaldehyde solution for
48 h and then stored in 70% ethanol until being dehydrated, by
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immersion in increasing concentrations of ethanol. After dehydra-
tion, the samples were embedded in parafﬁn and 7 μm sections of
tissue were stained with hematoxylin-eosin. Images of six ﬁelds
from each animal were captured using a digital camera coupled to
a microscope (200). The area of 50 cells was measured in each
animal using ImageJ program (National Institutes of Health,
Bethesda, Maryland, USA) to calculate mean adipocyte area (mm2).
2.7. Phytochemical screening of the extracts
The screening of the chemical constituents (steroids, triter-
penes, saponins, glycosylated triterpenes, tannins, phenols, resins,
alkaloids and ﬂavonoids) was performed on the extract using
chemical methods, according to the methodology previously
suggested (Wagner and Bladt 2001).
2.8. Analysis by infrared spectroscopy
Infrared (IR) spectra of PvHE were recorded on a Perkin-Elmer
Spectrum One Spectrophotometer (ATR).
2.9. Statistical analysis
The obtained results were analyzed using the Graph Pad Prism
3.0 and expressed as mean7SEM. Statistically differences
between groups were calculated by one-way ANOVA followed by
the Bonferroni test. Comparison at different times was analyzed by
two-way ANOVA with Bonferroni post-hoc analysis. Statistical
signiﬁcance was set at Po0.05.
3. Results
3.1. Biological experiments
The HC diet and HC diet supplemented with PvHE did not
change the body weight gain for 12 weeks relative to those fed
with the control diet (Fig. 1A). However, the adiposity index
increased by 67% in the HC fed mice in relation to the control
group (Po0.001) while the diet supplemented with PvHE pre-
sented reduced adiposity index by 28.4% when compared with
mice fed with HC diet (Po0.05) (Fig. 1B). Histological examination
of adipose tissue revealed larger adipocytes in mice fed with HC
diet when compared with control group. On the other hand, mice
fed with HC diet supplemented with PvHE presented the area and
the feature of the fat cells similar to animals fed with control diet
(Fig. 1C and D).
The mice fed with HC diet showed glucose intolerance after
8 weeks of treatment (results not shown). Part of these animals
was fed with HC diet supplemented with PvHE on the 9th week.
In the beginning of the 12th week, the mice were resubmitted to
OGTT to asses if the reduction in adiposity observed by supple-
mentation with PvHE was accompanied by an increase in insulin
sensitivity. The animals fed with HC diet presented increased
glucose intolerance when compared to mice fed with standard
laboratory chow (Po0.001). However, mice fed with PvHE
supplemented diet showed improvement in the glucose intoler-
ance induced by HC diet feeding (Po0.001) (Fig. 2A and B).
The effects of PvHE supplementation in HC diet on endocrine
and biochemical parameters were also investigated. The serum
levels of TAG in the HC diet group increased compared to the
control group (Po0.05). Treatment with PvHE decreased serum
TAG levels when compared to HC diet group (Po0.05). Fasting
blood glucose, insulin levels and HOMA-IR were similar among the
three groups. Cholesterol levels of HC (Po0.001) and HC supple-
mented with PvHE diet groups were signiﬁcantly higher than
control group (Table 1).
The number of total leukocyte, neutrophil and mononuclear
cells in blood of mice fed with HC diet increased when compared
to the control group. Supplementation with PvHE in HC diet
signiﬁcantly inhibited the increase of total leukocyte, neutrophil
and mononuclear cells induced by HC diet (Fig. 3A, B and C).
The effects of PvHE supplementation on the blood levels of
adiponectin and resistin were analyzed too. The levels of adiponectin
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Fig. 1. (A) Time-course evaluation of body weight gain of mice fed for 12 weeks with standard laboratory rodent diet (control group) (Δ), HC diet (∎), or HC diet
supplemented with PvHE ( ). (B) Adiposity index (sum of epididymal, retroperitoneal and mesenteric adipose tissue mass divided by body weight100 expressed as
adiposity percentage); (C) adipocyte area; and (D) representative photomicrographs of hematoxilin-eosin stained epididymal adipose tissue (200); bars indicate 50 mm.
The results represent means7SEM for 7–9 mice per group. Values were signiﬁcantly different from those of control group: nPo0.05; nnPo0.01; and nnnPo0.001. And from
those of HC diet: #Po0.05; ## Po0.01; and ###Po0.001.
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of HC (Po0.001) and HC supplemented with PvHE diet groups were
signiﬁcantly reduced when compared to control group. Resistin
concentration was increased in mice fed with HC diet (Po0.05)
and decreased with the supplementation of PvHE (Po0.05) (Fig. 3D
and E).
The effect of the hydroethanolic extract of P. venusta ﬂowers
supplementation in the cytokines levels from adipose tissue and
liver are shown in Figs. 4 and 5 respectively. In adipose tissue, mice
fed with HC diet presented increased levels of TNF-α, IL-6, IL-10,
IL-4 and IL-13 in comparison with the control group. However,
mice fed with HC diet supplemented with PvHE did not present an
increase in these cytokine protein levels, except for IL-10, a known
classic anti-inﬂammatory cytokine. And in liver, TNF-α and IL-10
levels of the HC diet group were signiﬁcantly higher than those of
the control group. After PvHE supplementation, TNF-α levels
decreased with no change in IL-10 concentration. IL-6, IL-4 and
IL-13 protein levels were similar in all groups (data not shown).
3.2. Phytochemical results
The IR spectra of the hydroethanolic extract of the ﬂowers of
Pyrostegia venusta showed absorption bands at 3250 cm1 com-
patible with the presence of hydroxyl group; at 2923 cm1
characteristic of the alicyclic hydrocarbon; at 1598 cm1 charac-
teristic of the stretch of bond C¼C of aromatics and at 1372 of
geminal dimethyl group. Also presented bands at 1260 and
1045 cm1 attributed to bond C–O of aromatic ethers and vinyl;
and band at 816 cm1 characteristic of angular deformation of
bond C–H of p-disubstituted aromatic compounds. These values
are consistent with the chemical structure of acacetin-7-O-glyco-
side, compound found in the hydroethanolic extract of the ﬂowers
of Pyrostegia venusta (Veloso et al., 2010).
The screening of chemical constituents (steroids, triterpenes,
saponins, glycosylated triterpenes, tannins, phenols, resins, alka-
loids and ﬂavonoids) was performed on the extract using chemical
methods, according to the methodology previously suggested
(Wagner and Bladt, 2001). Phytochemical screening indicated the
presence of phenols, ﬂavonoids and condensed tannins.
4. Discussion
Growing evidence has established that obesity-related insulin
resistance is a chronic inﬂammatory disease initiated in adipose
tissue and liver (Xu et al., 2003; Gregor and Hotamisligil, 2011).
In this regard, intervention with selected dietary products able to
reduce the inﬂammatory milieu of metabolic tissues should be
noteworthy tools to treat disarrangement induced by carbohydrate
rich or high-fat diets. The present study evaluated the potential of
the PvHE ﬂowers supplemented to a high-reﬁned carbohydrate
diet for the treatment of metabolic and inﬂammatory changes
induced by increased fat deposition. The effects observed were:
(i) decreased adiposity and adipocyte area; (ii) improvement in the
glucose intolerance; (iii) reduced serum TAG levels and number
of systemic inﬂammatory cells; and (iv) reduced inﬂammatory
mediators levels in adipose tissue and liver.
Mice supplemented with PvHE showed reduced fat accumulation
and smaller adipocytes. We can suggest that those effects are due to
the presence of tannins and ﬂavonoids in PvHE ﬂowers. Previous
studies demonstrated that tannins inhibit Naþ-dependent D-glucose
uptake in rat intestinal brush border membrane vesicles (Welsch et al.,
1989a) and the intestinal sucrase activity (Welsch et al., 1989b). It
has also been demonstrated that ﬂavonoids inhibit microsomal
triglyceride transfer protein (MTP) expression, a protein necessary for
hepatocyte assembly and secretion of apolipoprotein (apo) B100-
containing lipoproteins (Allister et al., 2005). Furthermore, inhibition
of diacylglycerol acyltransferase (DGAT) andMTP activity by ﬂavonoids
reduces TAG levels (Casaschi et al., 2004). In this present work, the
values of the IR spectra were consistent with the chemical structure of
the ﬂavonoid constituent acacetin-7-O-glycoside, compound found in
the PvHE ﬂowers by HPLC/DAD analysis, in prior work conducted by
our research group (Veloso et al., 2010). It has been reported that
acacetin reduced cellular contents of TAG in HepG2 cultured cells (Cho
et al., 2004). Therefore, the hypolipidemic effect attributed to ﬂavo-
noids should be related with low serum levels of TAG and fat lipid
accumulation in adipose tissue of mice supplemented with PvHE.
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Fig. 2. (A) Oral glucose tolerance test (OGTT) and B) area under the curve (AUC) of mice fed for 12 weeks with standard laboratory rodent diet (control group) (Δ), HC diet (∎),
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Table 1
Effects on fasting serum parameters of hydroethanolic extract of P. venusta. † (mean
values with their standard errors).
C HC HCþPvHE
Mean SEM Mean SEM Mean SEM
Glucose (mg/dL) 114.80 10.01 139.90 15.16 133.90 8.08
Insulin (ng/mL) 0.31 0.01 0.30 0.02 0.25 0.01
HOMA-IR 0.89 0.06 0.97 0.08 0.91 0.05
TAG (mg/dL) 44.80 7.22 93.55 16.77n 48.93 2.25#
Total cholesterol (mg/dL) 82.34 4.82 113.10 4.61nnn 102.40 2.97
C, control group; HC, HC diet; HC+PvHE, HC diet supplemented with PvHE
Mean values were signiﬁcantly different from those of control group: *Po0.05,
***Po0.001
Mean values were signiﬁcantly different from those of HC diet: #Po0.05†
Mice were fed with standard laboratory rodent diet (control group), HC diet, or HC
dietsupplemented with PvHE.
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The reduced adiposity and smaller adipocyte showed by mice
supplemented with PvHE should also be associated with improved
glucose intolerance. Previous results have shown that the adipo-
cyte size is an adiposity measure closely related to inﬂammation
and insulin resistance (Maffeis et al., 2007). It is well established
that a high carbohydrate diet induces fat pad expansion associated
with a pro-inﬂammatory state, which triggers insulin resistance
(Oliveira et al., 2013; Kersten, 2001). Pro-inﬂammatory cytokines,
such as TNF-α and IL-6, released by both adipocytes and macro-
phages, activate Jun N-terminal kinase (JNK) and inhibitor of κB
kinase (IKK) β. These serine kinases can phosphorylate insulin
receptor substrate (IRS) proteins, interfering with normal insulin
action, creating a state of cellular insulin resistance (Olefsky and
Glass, 2010). Supplementation of PvHE in HC diet suppressed the
inﬂammatory response in important metabolic tissues, such as
adipose tissue and liver, however with less pronounced effects in
the latter one. These effects can be attributed to acacetin, because
previous studies showed that this compound reduces TNF-α
production (Fan et al., 2012) and inhibits the activity of nuclear
factor-κB (NF-κB) (Dat et al., 2009), a factor that activates the
transcription of inﬂammatory cytokines (Matsusaka et al., 1993).
IL-4 and IL-13 levels in mice supplemented with PvHE were
reduced compared to mice fed with HC diet. It has been shown
that under lean conditions adipocytes secrete IL-4 and IL-13 that
promote activation of macrophages type M2, which secrete anti-
inﬂammatory mediators, such as IL-10, responsible to enhance
insulin action (Chawla et al., 2011). The reduced inﬂammatory
state, induced by PvHE, does not seem to be related to the
anti-inﬂammatory effect showed by IL-4 and IL-13 in lean condi-
tion. However, the IL-10 levels remained raised in mice supple-
mented with PvHE, which, in turn, could attenuate the adipose
inﬂammation induced by HC diet. Previous study demonstrated
that inhibition of IL-10 promote increased expression of inﬂam-
matory markers, such as TNF-α and IL-6, that was accompanied by
negative modulation of insulin signal transduction through insulin
receptor in liver (Cintra et al., 2008). Moreover, IL-10 induces
insulin receptor substrate (IRS)-1 tyrosine phosphorylation, there-
fore acting as an insulin-sensitizing adipokine in adipose tissue
(González-Périz and Clària, 2010).
In this study, the anti-inﬂammatory effect of PvHE was also
established by the reduced number of systemic leukocytes, neutro-
phil and mononuclear cells. We have previously shown that PvHE
inhibited leukocyte recruitment, induced by LPS, in the peritoneal
cavity (Veloso et al., 2012). In addition, PvHE supplemented in HC
diet reduced resistin levels, a signaling molecule secreted by
adipocytes and responsible to insulin resistance (Lu et al., 2006).
In previous study, it was shown that over expression of resistin in
hepatocytes dramatically represses insulin-stimulated glucose con-
sumption, because it inhibits expression of IRS-2 (Zhou et al., 2006).
Other work demonstrated that resistin impaired IRS-1 and -2
phosphorylation in adipose tissue. These effects decrease the tissue
insulin sensitivity and result in glucose intolerance (Satoh et al.,
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Fig. 3. (A) Number of leukocytes; (B) neutrophils and (C) mononuclears in blood of mice fed for 12 weeks with standard laboratory rodent diet (control group), HC diet, or
HC diet supplemented with PvHE. (D) Levels of adiponectin and (E) resisitin in serum. The results represent means7SEM for 7–9 mice per group. Values were signiﬁcantly
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2004). In this work, the improvement of glucose intolerance can be
attributed to the presence of compounds in Pyrostegia venusta
ﬂowers identiﬁed in previous studies, such as oleic acid (Roy
et al., 2011), which had signiﬁcant inhibitory effects on the resistin
mRNA expression in adipocytes (Rea and Donnelly, 2006).
Overall, the results indicate that the improvement of glucose
intolerance observed in mice fed with PvHE supplemented in HC
diet is associated to a negative modulation of the inﬂammatory
process at systemic and local levels. The results showed that the
hydroethanolic extract of Pyrostegia venusta ﬂowers have
beneﬁcial effects to treat the inﬂammatory and metabolic dysfunc-
tion induced by high-reﬁned carbohydrate diet. The inhibition of
pro-inﬂammatory pathways that cause insulin resistance consti-
tutes a possible target for therapeutic intervention.
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Fig. 4. Cytokines (A) TNF-α, (B) IL-6, (C) IL-10, (D) IL-4 and (E) IL-13 production in epididymal adipose tissue in control group (standard laboratory rodent diet), HC diet or HC
diet supplemented with PvHE of mice fed during 12 weeks. The results represent means7SEM for 7–9 mice per group. Values were signiﬁcantly different from those of
control group: nPo0.05; nnPo0.01; and nnnPo0.001. And from those of HC diet: #Po0.05; ##Po0.01; and ###Po0.001.
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Fig. 5. Cytokines (A) TNF-α and (B) IL-10, and production in liver in control group (standard laboratory rodent diet), HC diet or HC diet supplemented with PvHE of mice fed
during 12 weeks. The results represent means7SEM for 7–9 mice per group. Values were signiﬁcantly different from those of control group: nPo0.05; and nnPo0.01. And
from those of HC diet: ##Po0.01.
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